proteins of the red cell lysate.
Chromatography of non-hemoglobin proteins on DEAF-cellulose and on hydroxylapatite resulted in isolating a protein which gave a single precipitation line with esterase activity in immunoelectrophoresis. SDS-polyacrylamide gel disc electrophoresis demonstrated that the protein consisted of two subunits molecular weight of which was approximately 100,000 each. esterase; lectin; non-hemoglobin proteins; hemolysate Red cell lysate contains a large number of enzymes besides hemoglobin. There have been few studies about function and structure of these enzymes except for a few ones such as carbonic anhydrase. LDH, esterase and so on. Recently it was revealed that some enzymes have genetically controlled variations. In a series of studies on lectin reacting with body fluids, we attempted to investigate the interaction of lectin with non-hemoglobin proteins (NHP) of the red cell lysate. This paperr describes an esterase ;_sozyme in NHP which reacts with mushroom lectin.
MATERIALS AND METHODS
Mushroom lectin. Edible mushroom (Agaricus bisporus Sing.) was mixed with ten volumes of saline and homogenized. The mixture was stirred with a magnetic stirrer for 60 min and centrifuged at 3,000 rpm for 30 min. The supernatant was added with onetenth volume of ethyl ether and stirred intensely. After centrifugation at 3,000 rpm for 10 min, the water layer was separated. Ethyl ether in the layer was evaporated in vacuo.
NHP and anti-NHP. NHP was isolated from the red cell lysate as described in the preceding paper (Sagisaka et al. 1977) . Briefly, stroma free lysate equilibrated with 0.0175 M phosphate buffer, pH 6.3, was applied onto a CM-Sephadex column. Elution with the buffer gave three peaks, of which the first two peaks were designated as NHP. Anti-NHP was raised in rabbit as described previously (Sagisaka et al. 1981b) .
Agglutination inhibition test. Agglutinin activity of twenty lectins was examined. Agglutinin titer of each lectin to 0 red cells was adjusted to 1:8, and 0.2 ml lectin was mixed with the same volume of NHP (4.8 mg/ml). After standing at room temperature and at 4°C for 60 min each, the mixture was diluted serially to which one percent red cell suspention was added. Agglutination was read after centrifugation at 1,000 rpm for 1 min.
Received for publication, March 24, 1981. 53 DEAF-cellulose and hydroxylapatite chromatography. DEAE-cellulose (Whatman DE 32) chromatography was stepwise performed with three phosphate buffers as described by Abelson and Rowson (1963) . Hydroxylapatite was prepared according to the method of Mazin et al. (1974) , and fractionation was stepwise performed with 0.01 M, 0.05 M and 0.4 M phosphate buffers, pH 6.8.
Polyacrylamide gel disc electrophoresis (PGDE) and immunoelectrophoresis. PGDE with 7.5 percent running gel, pH 8.9, and 3.5 percent spacer gel, pH 6.7, as described by Davis (1964) were used. For immunoelectrophoresis, 1.2 percent agar-agarose gel (1:1) with veronal buffer containing calcium lactate (pH 8.6, y=0.05) was used.
Determination of molecular weight. The sample was dissolved in 20 mM phosphate buffer containing 2 percent SDS, 10 percent 2-mercaptoethanol and 40 percent glycerol. After being treated at 100°C for 2 min, the sample was analyzed with SDS-PGDE by the method of Weber and Qsborn (1969) . Molecular weight-known preparations (Heat-stable RNA polymerise, Seikagaku Kogyo Co., Tokyo) were electrophoresed simultaneously.
Enzyme assay. Esterase staining on poly acrylamide gel immunoelectrophoresis was performed using various substrates.
RESULTS
Agglutination inhibition activity of lectin. As shown in Table 1 , agglutinin activity of only mushroom lectin was inhibited by NITP. The tests on NHPs from 20 subjects showed the similar inhibition.
Fractionation of NHP and its inhibiting activity. Three fractions (Fr. 1, Fr. 2 and Fr. 3) separated by DEAE-cellulose chromatography were concentrated with an ultrafilter (Toyokagaku Co., cut off MW. 10,000). The inhibiting activity was found in only Fr. 3 (Fig. 1, Table 2 ). Fr. 3 gave several bands migrating fast on PGDE (Fig. 2) . As shown in Fig. 3, hydroxylapatite 1. Chromatography of NHP on DEAE-cellulose column. Five ml of NHP (4.8 mg/ml) was applied on a column (1.5 X 20 cm) with three phosphate buffers. The fractions indicated by a inhibition activity. (Table 3) . PGDE showed that Fr. 3-1 had a single band moving very fast, whereas Fr. 3-3 had several bands moving intermediately (Fig. 4) . The single band was proved to have esterase activity. Analysis of Fr. 3-1 with SDS-PGDE revealed that the inhibitor was composed of two components with molecular weight of approximately 100,000 (Fig. 5) .
Immunoelectrophoresis. Immunoelectrophoresis of Fr. 3-1, Fr. 3-2 and Fr. 3-3 with rabbit anti-NHP was carried out. As shown in Fig. 6-a, Fr. 3-1 and Fr. 3-2 gave a clear line moving very fast, while the line due to Fr. 3-3 was located mainly in the origin. This agar-agarose plate was stained for esterase, showing that the line moving very fast had esterase activity (Fig. 6b) . Table 4 that the esterase had the similar activity for the tests using a-naphthyl butyrate, 4-methylunbelliferyl acetate and 4-methylunbelliferyl butyrate as substrates.
DISCUSSION
In the early stage of lectin investigations, plant lectins attracted our attention to the fact that the lectins agglutinate red cells group-specifically or not specifically (Bernheimer and Farkas 1953; Sage and Vazquez 1967) . Recent studies have elucidated that some lectins react with glycoproteins of serum (Nakamura et al. 1960; Uhlenbruck et al. 1977 ) and of cells of many sources (Beulter et al. 1975) and with subcellular membrane fractions (Fiddler et al. 1979; Shaw and PetersenArcher 1979) as well as surface receptors of the red cell. As for mushroom lectin, Presant and Kornfeld (1972) reported that the lectin reacted with glycoprotein released from the red cell by treating with trypsin. In our previous investigation (Sagisaka et al. 1.981a) , the lectin showed different agglutinin activity to trypsintreated red cells or non-treated ones. Therefore, the esterase in NIIP was estimated to contain glycoprotein. Several esterase isozymes were detected in immunoelectrophoresis, two of which locating near the origin were regarded as adult specific antigens (Sagisaka et al. 1977) . From these results, mushroom lectin could react with only an isozyme of esterase moving fastest.
The esterase indicated the similar activity to various substrates examined. Hopkinson et al. (1973) pointed out esterase D polymorphism in hemolysate which could be detected by only 4-methylunbelliferyl ester. According to Scott and Wright (1978) , esterase isolated by the butanol-chloroform method showed activity when a-naphthyl acetate was used as a substrate. This discrepancy may depend on the strict substrate specificity of esterase D. It was of interest that only the isozyme moving fastest among several ones had reactivity with mushroom lectin. It may suggest that the isozymes have different contents of carbohydrate.
SDS-PGDE indicated that esterase reacting with mushroom lectin consisted of two subunits molecular weight of which was approximately 100,000 each. 
